When a listener hears a word (beef), current theories of spoken word recognition posit the activation of both lexical (beef) and sublexical (/b/, /i/, /f/) representations. No lexical representation can be settled on for an unfamiliar utterance ( peef). The authors examined the perception of nonwords ( peef) as a function of words or nonwords heard 10 -20 min earlier. In lexical decision, nonword recognition responses were delayed if a similar word had been heard earlier. In contrast, nonword processing was facilitated by the earlier presentation of a similar nonword (baff-paff). This pattern was observed for both word-initial (beef-peef), and word-final (job-jop) deviation. With the word-in-noise task, real word primes (beef) increased real word intrusions for the target nonword (peef), but only consonant-vowel (CV) or vowel-consonant (VC) intrusions were increased with similar pseudoword primes (baff-paff). The results across tasks and experiments support both a lexical neighborhood view of activation and sublexical representations based on chunks larger than individual phonemes (CV or VC sequences).
Given the complexity and variability of spoken language, the ability of a listener to understand a speaker is quite impressive. Over the last half century, researchers have gradually been unraveling the complexities of the system that accomplishes this remarkable feat. Most current theories in this domain assume that the word recognition system relies on both word-level (lexical) representations and some kind of smaller (sublexical) units, such as phonemes or syllables. In such theories, it is necessary to specify both the nature of these representations and the processes involved in relating these representations to the input signal.
In the current study, we address three issues that bear on these central theoretical questions: (a) What is the nature of the competition that occurs among activated lexical entries? Many studies have shown that such competition occurs, but there are at least two different views of this competition. Some models emphasize the dynamic change in the set of competing lexical entries (e.g., the cohort model and models that have incorporated its emphasis on word onsets; Marslen-Wilson, 1987 Marslen-Wilson, Moss, & Van Halen, 1996) ; other models define competition in terms of a similarity space that includes all other words that are minimally different regardless of the region of overlap or difference (e.g., the neighborhood activation model; Luce & Pisoni, 1998) . (b) What type(s) of sublexical information can be activated by speech input and used to represent and recognize spoken words? The most common sublexical unit that is included in most models is the phoneme (e.g., McClelland & Elman, 1986; Norris, McQueen, & Cutler, 2000) , but there is evidence supporting a role for larger units, such as onset and rime (e.g., Treiman, 1985 Treiman, , 1986 Treiman & Kessler, 1995) . (c) Is it useful to make a distinction between immediate word recognition versus the longer term representation of the information used in spoken word recognition? There is some evidence from recent work (e.g., Sumner & Samuel, 2005) suggesting that it may be important for theories to distinguish between the apparent behavior of the word recognition system and the underlying representations used to produce that behavior.
In a recent study (Sumner & Samuel, 2005) , we obtained an intriguing result that can potentially inform these three areas of research simultaneously: In a long-term priming study, we found that hearing a real word (e.g., flute) inhibited a listener's ability to reject a similar pseudoword (e.g., floose) that was presented in a separate block 10 -20 min later. Lexical decision times to these related pseudowords were significantly slower than to repeated pseudowords or to completely new pseudowords. This inhibitory effect suggests that a change in activation or representation of the word heard in the first block was interfering with a listener's ability to say "no" to a similar pseudoword.
Perhaps unsurprisingly, there has been relatively little research on recognition of spoken nonwords, as opposed to spoken words. In fact, we did not even discuss this nonword inhibition effect in Sumner and Samuel (2005) because it was in a control condition that was tangential to the focus of that article on word recognition as a function of phonological variation (specifically, the three phonological variants of /t/ in final position). Despite the natural bias toward studying real words, there are a number of benefits to examining pseudowords. If the inhibitory effect that we found is in fact robust, it can be used to constrain models of lexical and sublexical representation and activation. For example, we can use this effect to directly contrast predictions made by the cohort (e.g., Marslen-Wilson, 1987 Marslen-Wilson et al., 1996) versus the neighborhood activation model (e.g., Luce & Pisoni, 1998) . Because the inhibitory effect was found for word-pseudoword pairs that differed in final position (e.g., flute-floose), both model types can account for the competition. But, by moving the deviation to the initial position (e.g., beef-peef), the two model types diverge in their predictions. A cohort model of activation should predict that hearing a word such as beef early on would have no effect on the later processing of the pseudoword peef, because the two are not competitors. A neighborhood model, on the other hand, should predict an inhibitory effect regardless of the position of deviation.
As we have noted, our initial result came from an experiment that was testing an entirely different hypothesis. Therefore, in the current study, we report a comprehensive set of experiments, using two very different versions of a long-term priming paradigm, designed to both demonstrate the strength of the initial effect and use this effect to explore the three theoretical issues discussed above. In Experiments 1 and 3, we examine targets that deviate finally from their primes (e.g., job-jop), and in Experiments 2 and 4, we examine targets that deviate initially from their primes (e.g.,
beef-peef).
The results of our long-term priming tasks can be compared with research examining the immediate form priming of similar pairs. Researchers examining these immediate effects have found a consistent asymmetry for the two cases, with inhibition for finally deviant pairs and facilitation for initially deviant pairs (Hamburger & Slowiaczek, 1996 , 1998 Slowiaczek, McQueen, Soltano, & Lynch, 2000) . If immediate processes and long-term processes are similar, we might expect a similar pattern to surface. Any divergence between immediate form priming effects and long-term priming effects would suggest that the former primarily reflect recognition processes whereas the latter are a consequence of how listeners represent speech.
The third and final issue addressed in this article is the role of sublexical information in spoken word recognition. Pseudoword processing is a natural domain for exploration of this issue. To separate lexical effects from sublexical ones, our experiments include prime-target pairs like jub-jup. These pairs were designed as pseudoword parallels to the word primes and related pseudoword targets (e.g., job-jop) . To the extent that the priming pattern for the pseudoword case diverges from what occurs with word pairs, we can observe the influence of sublexical information that is otherwise masked when examining word processing. The results show that there is indeed a quite different priming pattern for the pseudoword pairs, demonstrating the utility of testing words and pseudowords together in a coordinated way.
We are aware of one other study that examined the long-term effect of real words on the subsequent processing of pseudowords. Monsell and Hirsh (1998) examined the priming effects of words and pseudowords at short and long lags in a lexical decision task. Their main finding was an inhibitory effect between real word primes and real word targets sharing the same initial sound sequence (e.g., bran-brag). In addition, a facilitative priming effect was found for rime-sharing primes and targets (e.g., gem-hem). Monsell and Hirsh did examine real word primes followed by nonword probes (e.g., frog-fross), but the results were not very clear. For example, in their Experiment 1B, there was a nonsignificant inhibitory trend for a real word prime with a pseudoword target. The interpretation is also limited by the fact that participants in this condition performed significantly more accurately (2.6% error rate) on primed targets than on unprimed targets (8.1% error rate). It is therefore not clear whether the longer response times should be attributed to competition processes or to a speedaccuracy trade-off (see Luce, Goldinger, Auer, & Vitevitch, 2000 , for a more general critique of the procedures and results of the Monsell & Hirsh, 1998, study) . Thus, although there are two existing studies (Monsell & Hirsh, 1998; Sumner & Samuel, 2005) that examined the effect of real words on the later processing of similar pseudowords, neither was specifically designed to examine this inhibitory effect. Moreover, the results are collectively not particularly clean or decisive. Because we believe this effect has the potential to inform models of word recognition, we have conducted additional experiments with better controlled stimuli to establish the reliability of the finding.
In addition to studies examining real word effects on pseudoword processing, there is a large repetition priming literature. Virtually all of the repetition priming literature is based on visual, rather than auditory, presentation, but similar principles may apply. A number of researchers have examined lexical decision performance as a function of prior presentation. These studies have consistently shown that priming a real word decreases both reaction times and error rates for later presentations of that word (e.g., Ratcliff, Hockley, & McKoon, 1985; Scarborough, Cortese, & Scarborough, 1977; Scarborough, Gaerard, & Cortese, 1979; .
As Wagenmakers, Zeelenberg, Shiffrin, and their colleagues have noted, repetition of a pseudoword has not resulted in the same effect: Some studies have found facilitation for repeated pseudowords (Kirsner & Smith, 1974; Logan, 1990; Scarborough et al., 1977) . Others have found no repetition benefit for pseudowords (Brown & Carr, 1993; Forbach, Stanners, & Hochhaus, 1974) or inhibitory effects (Bowers, 1994; McKoon & Ratcliff, 1979) . have argued that the inconsistent pattern for pseudoword repetition reflects the operation of two opposing factors (cf. Feustal, Shiffrin, & Salasoo,1983) . When a pseudoword is repeated, it will seem more familiar, and in a lexical decision task, familiarity enhances a "yes" response, which must be overcome in order to produce the correct "no" response for the pseudoword. On the other hand, having previously made a "no" response to a particular pseudoword provides a practice effect for making the same response to the same pseudoword again, facilitating performance. Zeelenberg et al. (2004) have provided strong evidence supporting this two-process account, showing that changing the study task or the response conditions can tip the relative influence of the two factors.
In this study, we present four experiments examining the effect of hearing a real word on the later processing of a related pseudoword. All four experiments are long-term priming experi-ments in which participants hear one set of primes in an initial block, followed 10 -20 min later by a second block of target items. The first experiment is designed to establish the basic inhibitory effect originally found in Sumner and Samuel (2005) and to verify that the effect is based on the activation (presentation) of a related word, and not the (unpresented) existence of it. Experiment 2 examines whether the inhibitory effect extends to deviations that occur initially (e.g., beef-peef) and isolates the effect to lexical status and not phonological relatedness (e.g., beef-peef vs. baffpaff). The final two experiments examine whether this effect is task specific or whether it generalizes across tasks. These experiments indicate that this is a true perceptual effect and not a strategic one.
Experiment 1A
To explore the inhibitory effect found in Sumner and Samuel (2005) in more detail, Experiment 1 focuses specifically on pseudowords in which the final sound varies from real words by a single feature. We used the same paradigm as in Sumner and Samuel (2005) but included real words ending in a variety of sounds, rather than ones ending only in /t/.
Experiment 1 was run in two parts. Experiment 1A included several conditions that allowed us to establish both the interference effect and a new priming effect for related pseudowords. In order to provide this set of tests, we used groups of tightly yoked stimulus pairs (e.g., job-jop tests for word-pseudoword priming, and jub-jup tests for pseudoword-pseudoword priming). Experiment 1B examined whether the word-pseudoword interference effect is due to the mere existence of a real word or to the activation of the real word. This question is most naturally tested by having the same set of pseudoword targets (e.g., jop) appear either with no related prime or with the related prime (e.g., job-jop). The stimuli for Experiments 1A and 1B are listed in Appendixes A and B.
Method
Participants. Sixty undergraduate students participated in Experiment 1A for pay or for course credit. All participants were native speakers of American English. None reported any history of speech or hearing disorders.
Notation. In Experiment 1 and the following experiments, we examined the effect of hearing a prime in one block on the perception of a target in a second block. We denote primes with italics (e.g., job) and targets with bold (e.g., jop). A prime-target pair is thus job-jop.
Apparatus. All stimuli were produced by a female phonetician. The words and pseudowords were recorded with a high quality microphone, in a sound-shielded chamber. They were digitized at a 16-kHz sample rate (12-bit A/D) and stored on the hard drive of a PC. The Goldwave (St. Johns, Newfoundland, Canada) sound editing package was used to segment individual items and store them as separate files. During testing, the sounds were reconverted to analog form (16-kHz sample rate, 12-bit A/D) and presented to listeners over high quality headphones. Participants responded by pushing labeled buttons on a response panel.
Materials and design. Sixty monosyllabic English words were used to create the critical stimuli. Pseudowords were formed from these 60 words by changing the final sound by a single feature (20 were changed by the feature voice, 20 by place, and 20 by manner). For example, the pseudoword for the real word job was jop, in which the only difference between the two items was the voicing of the final sound. Two additional yoked pseudowords were created by changing the vowel of the original word and that of the pseudoword stemming from the real word. These pseudowords also differed from each other only by a single feature in the final sound (e.g., jub-jup).
The words and pseudowords were used to construct three experimental conditions. The first condition, similar word, involves pseudoword targets (e.g., jop) that were similar to word primes (e.g., job). The second condition, repeated pseudoword, consists of the same minimally altered pseudoword as prime and target (e.g., jop-jop). Finally, the third condition, similar pseudoword, contains pseudoword targets that differ from pseudoword primes by a single feature (e.g., jub-jup). Because these stimuli were directly derived from their yoked bases, the final segment matching procedures in this condition were identical to those used in the similar word condition.
Any difference in priming between the similar word condition and the similar pseudoword condition can be reasonably attributed to the difference in lexicality of the primes in the two conditions. To ensure that any effect was not due to artifactual differences between the target stimuli, we matched the durations of target pseudowords with real word bases (e.g., jop) and target pseudowords with pseudoword bases (e.g., jup; 586.7 ms and 587.6 ms, respectively). Example stimuli are provided in Table 1 .
Three lists were created to counterbalance the items. Each list contained 20 items from each condition, but only one condition for a particular stimulus triplet (e.g., job-jop vs. jop-jop vs. jub-jup). So, each participant received only one pair from a particular set of stimuli in any condition. The real word primes ended in a wide set of consonants ( p, t, k, b, d, g, f, v, s, z) . To control for strategic effects, we added 180 filler items to each block. With the fillers, each block included 120 real words and 120 pseudowords. Filler items were controlled so no consonant-vowel (CV) or vowelconsonant (VC) overlap existed between filler items and critical stimuli.
Procedure. Participants were tested individually or in groups of 2 or 3 in a sound-shielded booth. They were not told at the beginning of the experiment that there would be two blocks of trials. Participants performed the lexical decision task for all trials in both blocks. The presentation of the stimuli was random for 
Results and Discussion
Response times faster than 500 ms and slower than 2,500 ms (measured from the onset of the target) were excluded from all analyses (3.3% of all responses). Eight participants with error rates above 15% were replaced. Table 2 provides the lexical decision reaction time means and priming effects for this experiment. In the table, the repeated pseudoword condition is used as the neutral baseline for computing priming effects; this choice is based on our finding in Sumner and Samuel (2005) that this condition yields the same reaction times as in the condition with an unprimed target, a result that is replicated several times in the current study.
A single-factor analysis of variance (ANOVA) produced a significant main effect of condition, by-subject analysis, F1 (2, 118) The results of this experiment replicate and extend the pseudoword results of Sumner and Samuel (2005) . The results of both experiments show that it is difficult to reject a pseudoword after previously hearing a real word that differs from it by a single feature. This result suggests that the activation of a lexical item affects the later processing of a pseudoword. In Experiment 1A, participants were slower to reject a pseudoword after having heard a similar word than after having recently heard a similar pseudoword. There was also a significant difference between reaction times when the probed pseudoword was actually a repetition of a recently heard pseudoword, rather than merely being similar to it. It is interesting to note that the direction of this difference did not favor true repetition. We noted previously that have suggested that repetition of a pseudoword generates two opposing factors, one facilitating and the other inhibiting responses. We suggest that the similar pseudoword condition benefits from most of the facilitation, without the inhibition. We return to this point in the General Discussion, in which we have additional data to consider.
Experiment 1B
Experiment 1A was designed to provide a well-controlled test of the interference effect that we had observed in an unrelated project; our design also allowed us to discover an intriguing facilitation effect in the similar pseudowords condition. However, neither the original study nor Experiment 1A was designed to show whether the interference effect is due to the existence of a related real word or the activation of one. Therefore, in Experiment 1B we manipulated whether listeners heard a related real word approximately 10 -20 min before hearing the target similar word pseudoword (e.g., Ø-jop vs. job-jop).
Method
Participants. Twenty undergraduate students participated in this experiment for course credit. All participants were native speakers of American English, and none reported any hearing deficiencies.
Materials. Forty similar word pairs from Experiment 1A were used as stimuli in this experiment.
Design. Two experimental conditions were examined: similar word and new. In the similar word condition, pseudoword targets (e.g., jop) had corresponding base real word (e.g., job) primes. The second condition, new, consisted of the same minimally altered pseudoword targets (e.g., jop), but no corresponding prime was presented in the first block of trials. Any difference in priming between the similar word condition and the new condition can therefore be attributed to the activation of the prime, as opposed to its simple existence. Examples of the stimuli are provided in Table 3 .
As in Experiment 1A, Block 2 contained the target pseudowords, and Block 1 contained word primes. Two lists were created for Block 1. Half of the critical real words were included on each list, along with 40 real word fillers and 80 pseudoword fillers. Block 2 contained all 40 critical pseudowords, 40 additional pseudoword fillers, and 80 real word fillers (different from those in Block 1). Therefore, each participant responded to all 40 pseudowords targets but heard corresponding word primes for only 20 of the targets.
Procedure. The procedure was identical to the procedure in Experiment 1A.
Results and Discussion
Response times were measured from the onset of each target item. Responses faster than 500 ms and slower than 2,500 ms were discarded. Two participants were replaced because of high error rates (above 15% incorrect). One item was excluded from all analyses on the basis of a high error rate (52%). Table 4 shows the Sumner and Samuel (2005) with stimuli designed to eliminate any artifactual basis for the effect. The current experiment complements the results of Experiment 1A by demonstrating that it is the activation of a real word, rather than its simple existence, that interferes with a listener's ability to reject a related pseudoword later.
It is difficult to reject a pseudoword after previously hearing a real word that differs from it by a single feature even if the prior exposure was 20 min earlier. The results of Experiment 1 are best understood as reflecting competition between the previously activated word and the presented pseudoword. In fact, most current models of spoken word recognition incorporate some kind of lexical competition effect. For example, both autonomous models like the merge model (Norris et al., 2000) and interactive models like the trace model (McClelland & Elman, 1986 ) have a lexical competition process in which higher activation of one lexical representation produces increased inhibition of other lexical representations. However, the details of lexical competition vary across models. For example, some models emphasize the left-toright nature of speech and therefore hypothesize that the set of activated (and thus competing) words is primarily determined by the first few phonemes of the input (e.g., the cohort model of Marslen-Wilson, 1990 ). Other models give equal weight to all of the inputs and consider the competitor set to be all words that diverge from the input by a small amount, typically one phoneme (e.g., the neighborhood activation model; Luce & Pisoni, 1998) .
If the inhibitory effect on pseudoword recognition that we have found is in fact due to competition from a previously activated word, then this effect can potentially provide another way of looking at lexical competition. Neither Sumner and Samuel's (2005) study nor Experiment 1 was designed to clarify the nature of the lexical competition. The critical stimuli were pseudowords that diverged from real words in final position (e.g., job-jop). Such stimuli cannot determine whether the resulting inhibition was due to a cohort effect or a neighborhood effect, because both theories predict competition under these conditions.
In Experiment 2, we changed the position of the altered sound to the beginning of the words (e.g., beef-peef) and added a new condition and corresponding controls to compare the influence of a related word versus a related pseudoword on subsequent processing of a pseudoword. This comparison tests whether the effect is due to the previous encounter with a lexical item (e.g., beefpeef), rather than simply being a matter of phonological relatedness (e.g., baff-paff). Pairs like beef-peef should produce the same kind of inhibitory effect as we found in Experiment 1 if the inhibition is due to lexical competition and if competition is based on lexical neighborhoods, because the new stimuli have the same neighborhood relationships as the previous ones (i.e., one phoneme difference between the word prime and the pseudoword target). However, if lexical competition is defined by the initial cohort of similar words, then the presence of different initial sounds (e.g., /bi/ vs. /pi/) should preempt the competition and therefore eliminate the inhibitory effect. In addition, we should see only an inhibitory effect when a related real word has been previously presented (e.g., beef-peef) and not when a related pseudoword has been previously presented (e.g., baff-paff).
There is a substantial form-priming literature, but this research has not looked at long-term priming effects. Goldinger, Luce, and Pisoni (1989) examined the identification of words that were phonetically confusable in noise but had no phonemic overlap (e.g., bull-veer). Targets were identified less accurately following phonetically similar primes than unrelated primes. This effect was observed only with a short interstimulus interval and with low frequency primes. This result is expected if lexical items are organized into neighborhoods. Marslen-Wilson and Zwitserlood (1989) have shown that nonwords that deviate from real words in initial position preclude lexical activation. In a cross-modal semantic priming task, only real words primed semantically related items in Dutch (e.g., honing [honey]-bij [bee]); nonword primes based on those real words (e.g., foning) did not. Marslen-Wilson et al. (1996) examined competitor effects of initially ambiguous monosyllabic primes. In a cross-modal semantic priming task, they found that initial mismatch of a feature or less does not always block the mapping of an input onto lexical representations. Connine, Blasko, and Titone (1993) showed that the degree of deviation should be considered as well. In a series of cross-modal priming tasks, they showed that in addition to the priming found between a real word (e.g., recent) and a semantically related target, nonwords that differed minimally (by a single feature, e.g., lecent) produced some activation, although not as much as that caused by real words. Maximally different nonwords (those deviating from the base word by more than a feature, e.g., hecent) produced no priming. Listeners are also able to process mismatching information when sounds are coarticulated (Gow, 2001) . Gow (2001) has shown that listeners are able to use subtle acoustic information from the speech signal of coarticulated segments to recover underlying information. More recently, Dufour and Peereman (2003) have shown that stronger inhibitory effects occur when primes mismatch targets later in the word (e.g., word-final position), consistent with the cohort model. Differences between the stimuli and tasks used in Experiment 1 and those used in previous studies make it difficult to directly apply the conclusions of the earlier work here. Connine et al. (1993) examined bisyllabic words in the relevant experiments. It seems likely that a deviation from a longer word is not as crucial as a deviation from a monosyllabic word. For example, when the word recent is produced as lecent, there are few other words that are a possible match for that nonword. In contrast, when the word set is produced as fet, the deviation is more critical because it makes up one third of the word and because this deviation is within a single feature of three real words (e.g., vet, set, pet) . For the monosyllables in Experiment 2, an initial deviation (e.g., beefpeef) therefore should produce weaker interference effects if the competitor set is determined by the initial cohort.
Experiment 2

Method
Participants. Twenty-four undergraduate students participated in this experiment for pay or for course credit. All participants were native speakers of American English. None reported any history of speech or hearing disorders.
Materials and design. Seventy-two monosyllabic English words were used as the critical base real words. Pseudowords were formed from these 72 words by changing the initial sound by a single feature. For example, the pseudoword for the real word beef was peef, in which the only difference between the two items is the voicing of the initial sound. Two additional pseudowords were created by changing the vowel of the original word (e.g., beef 3 baff) and that of the pseudoword based on the real word (e.g., peef 3 paff). Therefore, these pseudowords differed from each other only by a single feature in the initial sound (e.g., baff, paff), the same featural difference found between the base real word and its related pseudoword. This pair of pseudowords was used to determine if the inhibitory effect is due to lexical competition or phonological relatedness. All stimuli were recorded by the same speaker as in Experiment 1, with the same equipment. The words and pseudowords were used to construct six experimental conditions. Examples of the stimuli are provided in Table 5 .
Condition names represent target type. The first condition, similar word, includes pseudoword targets (e.g., peef) that are similar to their word primes (e.g., beef). In the second condition, repeated (word base), pseudowords derived from word primes are presented as both primes and targets (e.g., peef-peef). In the third condition, new (word base), the pseudoword target (e.g., peef) was primed neither by itself nor by its word base.
Three additional conditions mimicking the initial three were created with pseudoword-based pairs. The fourth condition, similar pseudoword, contains pseudoword targets that deviate from their primes minimally and in the same way as in the similar word condition (e.g., baff-paff). In the fifth condition, repeated (pseudoword base), the similar pseudoword targets prime themselves (e.g., paff-paff). Finally, the sixth condition, new (pseudoword base), served as the baseline for the pseudoword pair, so the second member of the pseudoword pair (e.g., paff) was an unprimed target with no corresponding prime. As in Experiment 1A, we measured the average durations of the two sets of pseudoword targets (e.g., peef vs. paff), and again the yoking procedure, coupled with the use of a trained phonetician as the speaker, led to excellently matched stimuli (592.3 ms for the similar word targets vs. 594.2 ms for the similar pseudoword targets).
The conditions above resulted in 72 targets similar to word primes (e.g., beef-peef) and 72 targets similar to pseudoword primes (e.g., baff-paff). Two lists were created for Block 2. The first list contained 36 targets similar to real words and 36 targets similar to pseudowords. The second list contained the remaining 36 of each type. Therefore, each participant received a total of 72 critical targets in Block 2, half based on real words and half based on pseudowords, with no overlap within a set. For example, if a participant who received List A was presented with the target paff, that participant would not be presented with the target peef. We also controlled for CV and VC overlap within lists: Critical primes and targets within subject had no overlapping initial CV or final VC. All fillers began with consonants unused in the initialdeviation condition (e.g., l, r, m, n, j, w, h, bl, pl, fl, sl) and ended with vowel and consonant combinations that were not used in the critical stimuli. The stimuli used in Experiment 2 are provided in Appendixes C-E.
For each of the two target lists, three Block 1 lists were created to counterbalance the three conditions for each target type. For example, 24 pseudoword targets based on real words (e.g., peef) corresponded to 12 real word primes in Block 1 (e.g., beef) and 12 pseudoword primes that were later repeated in Block 2 (e.g., peef). For each set of 36 items, only 24 primes were used, creating 12 targets without primes, which serve as the new baseline condition. All items were counterbalanced to ensure that each target was paired with all three prime conditions.
In addition to the critical items, filler items were added to each block. A total of 216 filler items were added to each block. Each block contained 72 additional pseudoword fillers and 144 additional real word fillers. Half of the fillers differed from the fillers in Block 2 and half were repeated in Block 2. The high number of fillers and the resulting long lag between primes and targets were designed to avoid strategically based responses. Procedure. The same procedure as in Experiment 1 was used in this experiment.
Results and Discussion
Response times faster than 500 ms and slower than 2,500 ms were discarded. Two participants were replaced because of high error rates (16% and 21%). Table 6 shows the lexical decision reaction time means for the six experimental conditions. The inhibitory effect for these initial-position deviation stimuli was quite similar to what we found for the final-deviation case.
Statistical analyses confirm this impression. In a single-factor ANOVA, the main effect of condition was significant, F1(5, 115) ϭ 3.14, MSE ϭ 3, 484.78, p Ͻ .05, and F2(5, 66) The results of Experiment 2 are very simple to summarize: Exactly the same inhibitory effect that we found for pseudowords created by final-position deviation obtains for pseudowords that were created through initial-position deviation.
1 In addition to providing a strong replication of the previous results, Experiment 2 offers a clear answer to the question we posed about the nature of the lexical competition process. At least for the simple monosyllabic words and pseudowords that were used, the competition can be characterized as neighborhood based, rather than cohort based. If the competitor set were defined on the basis of words that are consistent with the input as it unfolds over time, the similar word condition of Experiment 2 should not have produced the inhibitory effect we had found in Experiment 1; the critical similar word targets differed immediately from their potential primes (e.g., beef-peef), which would preclude lexical competition. The fact that the same inhibitory effect is generated under these conditions can be taken as evidence for a competitor set that depends on overall similarity, rather than one that emerges dynamically. However, we should add the caveat that more cohortlike effects might appear with longer words and pseudowords. The monosyllables used here (and in a large subset of the word recognition literature; see Pitt & Samuel, 2006 , for a discussion of possible differences as a function of word length) may not offer enough of a timeinformation window to observe differences as a function of position.
We noted in the introduction that in the immediate form priming literature, there have been a number of studies that have found cohortlike differences in monosyllabic words. For example, Slowiaczek et al. (2000) found facilitative priming of words by primes that overlapped finally (similar to our initial-deviation cases, but with pseudoword primes and real word targets, e.g., peef-beef). Other research examining shared phonological information (Hamburger & Slowiaczek, 1996 , 1998 has found similar facilitation for final overlap versus inhibition for primes and targets that overlap initially (similar to our final-deviation cases, but with pseudoword primes and real word targets, e.g., jop-job). The results of our first two experiments (inhibition regardless of position) clearly contrast with the pattern found in the immediate form priming literature. As we suggested in the introduction, a contrast of this sort implies that the two techniques are tapping different aspects of the system involved in speech processing: The immediate effects reflect properties of the recognition process, and the long-term priming captures aspects of the speech representations. We return to this suggestion in the General Discussion, in which we discuss converging evidence from the final two experiments.
A summary of the effects across the two experiments presented here, as well as those found (but not reported) in Sumner and Samuel (2005) , is provided in Figure 1 . Independent of the position of deviation (final or initial), hearing a pseudoword after a phonetically similar real word has an inhibitory effect. Across experiments, pseudoword repetition has no effect, and long-term facilitation is found when a pseudoword is preceded early on by a similar pseudoword prime.
We have already noted that the noneffects found for pseudoword repetition priming can be accounted for by a trade-off between familiarity slowing "no" responses and practice speeding up the negative lexical decision to that particular stimulus. The inhibitory effect of a word on the later rejection of a similar pseudoword is consistent with lexical competition processes: A 1 Experiment 2 is actually a replication of another experiment we ran that used similar stimuli but that had only four of the six conditions: similar word, repeated (word base), new (word base), and similar pseudoword. For the four conditions shared by the two experiments, exactly the same pattern of results was found: Similar word pseudowords were responded to 51 ms more slowly than new (word base) pseudowords, the repeated (word base) condition was not different from the new (word base) condition (ϩ1 ms), and facilitation occurred for similar pseudowords, as they were responded to 33 ms more quickly than new (word base) control items. For the sake of comparison, we have included the data from this experiment in Figure 1 , denoted as Experiment 2A. word's lexical representation remains active and causes increased competition in rejecting a similar pseudoword. The result with the greatest theoretical potential may be the strong facilitation of sublexical information (shared CV or VC units). This effect may typically be masked by strong lexical effects such as those found in the similar word condition. The final two experiments are intended to shed more light on the intriguing long-term facilitation we observed for similar pseudowords. This facilitation effect is not as easy to accommodate in many current models as the inhibitory effect. This is because many models do not have an appropriate "place" to put the long-term pseudoword activation: By definition, such stimuli do not have lexical representations that could serve as the site for such long-term resonance. For the moment, we simply suggest that models that posit sublexical units bigger than individual phonemes (e.g., CV and VC units) would be well suited to handle the observed effect. Activation of those units by a pseudoword prime would leave them in a state that would allow faster perception of the target pseudoword sharing these units. Experiments 3 and 4 provide a direct test of this hypothesis.
Although Figure 1 shows an extremely consistent pattern across experiments, one possible concern is that all of these experiments have used the lexical decision task in the second block of trials. As we noted, the use of lexical decision in the second block leaves open explanations that involve decision or strategic effects. If our suggestion regarding the long-term activation of both lexical and sublexical information is in fact representative of a general process in spoken word recognition, then we should find a similar pattern of results across tasks, including ones without this potential complication. The final two experiments provide such a test, using the same stimuli, but with a very different target block task-the identification of speech in noise.
Experiment 3
In this experiment, we examined whether primes presented in an initial block of items, presented in the clear, affect the identification of noise-embedded targets presented in a later set of trials. As we noted, some interpretations of effects found with two blocks of lexical decisions are based on the relationships between decisions made to an item in each block. By using a very different task in Block 2, we preempt any such decision-based effects. In this task, for example, we can examine how participants identify a similar word pseudoword (e.g., jop) depending on whether the base real word (e.g., job) was presented in the initial lexical decision block of trials. If we observe substantially more attributions of the pseudoword jop as job when participants are presented with a base real word (e.g., job) in the initial block compared with the responses to jop when no corresponding real word prime was presented, this would provide direct evidence of the perceptual competition of the lexical prime; any "yes" or "no" response to the primes is orthogonal to the task of reporting the word or nonword embedded in the noise.
The use of a difficult identification task in the target block also provides a very direct way to assess the facilitative effect found between similar pseudowords (e.g., jub-jup). We suggested that the observed effect on lexical decisions could be due to persistence of CV and VC units from the prime, facilitating perception of the target in the second block, producing faster lexical decisions. If this suggestion is correct, the activation of sublexical units should be task general, not any specific consequence of the lexical decision task being used in both blocks. In Experiment 3, any result of activation of the putative CV-VC units should manifest itself directly in the participants' reports. For example, if there is lingering activation of the VC unit of the prime jub, an increase in reports of items like "lub" or "thub" to the noise-embedded target jup, relative to their frequency when no such prime occurred in the first block, should occur.
Method
Participants. Twenty-four undergraduate students participated in this experiment for course credit or for pay. All participants were native speakers of American English. None reported any history of speech or hearing disorders.
Materials and design. The 40 similar word pairs and 40 similar pseudoword pairs from Experiment 1 were used. Four experimental conditions were used: similar word (job-jop), new (word base) (Ø-jop), similar pseudoword (jub-jup), and new (pseudoword base) (Ø-jup).
As in the previous experiments, primes were presented in one block, followed by a second block containing targets. The task of Block 1 was lexical decision in the clear, and the task of Block 2 was the identification of words or pseudowords in noise. All critical targets, however, were pseudowords. The level of noise for each target item was chosen on the basis of the results of a pretest, as described below. Block 1 contained 40 primes: 20 real word primes (e.g., job) and 20 pseudoword primes (e.g., jub). Two Block 1 lists were created to ensure that only 1 prime from a quadruplet was used. If a listener heard the prime job, that same listener would not hear the prime jub. The lists were counterbalanced to ensure that each of the 80 total primes was presented to the participants. In addition to the 40 primes, 40 pseudoword and 80 real word fillers were used. Fillers did not overlap with the initial CV or final VC of the critical primes and targets. Block 2 contained 160 items and was the same for all participants. Of the 160 items, 80 were critical pseudowords and 80 were real word fillers. All critical items were embedded in a level of noise established by a pretest, and real word fillers were randomly assigned noise levels with an equivalent distribution to those used for the pseudowords.
Pretest. A pretest was used to establish a noise level for each critical pseudoword target (e.g., jop, jup) at which listeners can identify the pseudoword. The pretest consisted of 80 critical pseudoword targets (40 similar word targets, e.g., jop, and 40 similar pseudoword targets, e.g., jup). Twelve participants took the pretest, which was a threshold identification task; none of these participants were tested in the main experiment. Participants were told that they would be listening to pseudowords in decreasing noise levels and to press a button when they could identify all of the sounds in each pseudoword. Each of the 80 critical pseudowords, embedded in 75% noise (i.e., of the total digital amplitude, 75% of the range was allotted to the noise), was presented to the participants. The noise level was decreased in 2.5% steps until a participant pressed a button. At that point, they were instructed to write down the pseudoword. The pretest allowed us to identify the noise level at which each pseudoword was identifiable, as that level may vary across items. To arrive at a noise level for each item for the long-term priming task, the noise level for each item was increased by 50%. So, if the noise level at which pretest participants identified the pseudoword jop was 30%, a noise level of 45% was used for that item in the word-in-noise block of Experiment 3. The goal of this procedure was to select a noise level for each stimulus that would yield a rich set of error responses, without an excessive level of guessing.
Procedure. The procedure for the prime block of items was the same as in previous experiments. Participants made lexical decisions to words and pseudowords in the clear. For the target block, participants were given response sheets with 160 lines and were asked to listen to each item presented (once) in noise and to do their best to write down exactly what they heard. They were reminded that both real words and pseudowords would be presented. Participants were given 5 s after the presentation of each item to write down their response before the next item was presented.
Results and Discussion
Error rates for prime responses were used to identify outlying participants. One participant was replaced because of high error rates (23%). The target responses were coded by two codersMeghan Sumner and a second coder blind to the task. The coders were in agreement 95% of the time, with the remaining 5% of responses not included in the analysis. The majority of the discrepancies were not due to code confusion but to the legibility of the responses.
Responses were coded into the categories shown in Table 7 : The label Target was used for responses that were identical to the actual pseudoword target (e.g., jop, jup); these are the fully correct responses. The label Target VC was used when the response included the VC of the target pseudoword, without the correct onset (e.g., top, yop, cup, chup) . The label Word included all instances in which the word base for the similar word targets was identified, independent of whether the target was primed by the word or not (e.g., job). We use Word, rather than Prime, to avoid confusion in the condition when there was no actual presentation of the related prime (the new conditions). The label Word VC included those responses (both real words and nonwords) that matched the rime of the base real word (e.g., cob, tob). These latter two response types apply only to target items based on words. For similar pseudoword targets (e.g., jup), two comparable headings were used: Pseudoword included responses identical to the base pseudoword (e.g., jub) independent of presentation, and Pseudoword VC included items that shared the rime of the base pseudoword (e.g., dub, lub). Finally, one response category coded responses that included sounds shared between the prime and target (Shared CV) and included responses such as jock and jod for similar word targets (sharing the CV of the prime job and the target jop) and responses such as jut and jud for similar pseudowords.
Twenty target pseudowords for each of the four experimental conditions-similar word, new (word base), similar pseudoword, new (pseudoword base)-were presented in noise. To compute the probability of a particular response type, we took the total number of responses in a particular group (e.g., 7 for response type "Target") for a particular condition (e.g., similar word) for each participant and divided that number by the total number of responses (e.g., 20).
The probabilities of each response type are provided in Figure 2 The critical prediction for the word priming condition is that previous activation of the prime should manifest itself as an increase in intrusions of that prime, when the similar pseudoword is encountered under difficult listening conditions. The results provide an unambiguous confirmation of this prediction: Listeners identified a pseudoword in noise as a related real word (e.g., reporting jop as job) three times as often (27.4%) when a similar real word was presented approximately 10 min earlier than they did without the prime (8.5%). This difference between report of the word base word in the similar word condition versus its report in the new (word base) condition was statistically robust, F1(1, 23) ϭ 56.23, MSE ϭ 0.01, p Ͻ .01, and F2(1, 19) The predicted priming pattern for a pseudoword prime was quite different than that predicted for a word prime. Recall that we hypothesized that the priming effects we found in Experiment 2 were due to activation of CV and VC units, rather than resonance of the whole pseudoword prime. This view predicts that the intrusions should be items that share the CV or VC of the prime, rather than the prime itself. The data again clearly support the hypothesis: The identification of a target similar pseudoword under noisy conditions (e.g., jup) was not influenced by the pseudoword base (e.g., jub), F1(1, 23)ϭ3.00, MSE ϭ 0.056, p ϭ .157, and F2(1, 19) ϭ 1.51, MSE ϭ 0.03, p ϭ .234. Rather, presenting a prime significantly boosted intrusions of the pseudoword base VC cases-items that shared the prime's rime, F1(1, 23) ϭ 55.25, MSE ϭ 0.10, p Ͻ .01, and F2(1, 19) ϭ 57.14, MSE ϭ 0.07, p Ͻ .01. There was a similar increase in report of items that shared the prime's (and the target's) onset CV, F1(1, 23) ϭ 6.27, MSE ϭ 0.09, p Ͻ .05, and F2(1, 19) ϭ 7.28, MSE ϭ 0.05, p Ͻ .05. These results are compatible with the results found in Experiment 2 and suggest that sublexical units, such as onset CVs and rimes, may remain active and influential over a surprisingly long period of time.
Experiment 3 thus provides additional evidence that (a) lexical items remain active and compete with similar pseudowords in the long-term and (b) sublexical CV and VC units aid in the process- ing of phonologically related forms in the long term. Although the basic result has been replicated, an additional experiment is needed to support the claim that this effect is position independent. Therefore, Experiment 4 was run with initially deviant stimuli. Along with Experiment 2, this tests whether lexical items are organized into similarity neighborhoods.
Experiment 4
Method
Materials and design.
Forty quadruplets from Experiment 2 were used in this experiment. The same four experimental conditions used in Experiment 3 were used in this experiment, but the critical manipulation was initial deviation instead of final deviation: similar word pseudoword (beef-peef), new (word base) (Ø-peef), similar pseudoword (baff-paff), and new (pseudoword base) (Ø-paff). The design of the experiment was identical to Experiment 3. Response types and example responses are provided in Table 8 . Coding methods were the same as those used in Experiment 3.
Pretest. As in Experiment 3, a pretest with 12 participants was carried out to determine the noise level to be used for each item. The design and criteria used were identical to those used for Experiment 3.
Procedure. The procedure for this experiment was the same as that in Experiment 3.
Results and Discussion
Error rates for prime responses were used to identify outlying participants. Two participants were replaced because of high error rates (17% and 36%). As in Experiment 3, the target responses were coded by two coders. Table 8 lists the coding categories and examples of each type. The probability of a particular response type was computed as in Experiment 3. Figure 3 shows the resulting probabilities, with a format comparable to As in Experiment 3, the central question for the word prime case is whether activating a real word prime leads to intrusions when a similar pseudoword is later presented in noise. As Figure 4 shows, real words (e.g., beef) presented early on clearly do compete with similar pseudowords (e.g., peef) across tasks: The target was more likely to be identified as the word base word when the target was preceded by a word base word than when the target was new, F1(1, 23) ϭ 14.44, MSE ϭ 0.03, p Ͻ .01, and F2(1, 19) 
Different from Experiment 3, however, is the fact that hearing a word base word prime actually lowered the identification rate of the target similar word pseudoword, F1(1, 23)ϭ32.01, MSE ϭ 0.072, p Ͻ .01, and F2(1, 19) ϭ 4.06, MSE ϭ 0.05, p ϭ .058. For example, listeners were more likely to identify peef as peef when it was a new word (22.5% of the time) than when it was preceded by a word base prime (e.g., beef; 13.1% of the time). In the same comparison for Experiment 3, F1(1, 23) Ͻ 1, and F2(1, 19) ϭ 1.69, MSE ϭ 0.01, p ϭ .209. The different outcomes on this point seem to be due to the even stronger priming effect in Experiment The results for the similar pseudoword (e.g., baff-paff) were similar to those found in Experiment 3. Hearing a pseudoword base prime (e.g., baff) did not lead to more identifications of target pseudowords as the prime, F1(1, 23) ϭ 1.50, MSE ϭ 0.08, p ϭ .233, and F2(1, 19) ϭ 1.63, MSE ϭ 0.07, p ϭ .217. However, a target like paff was identified more often as a word or pseudoword sharing the initial CV sequence as the pseudoword base (e.g., bath, bap) when a pseudoword base prime (e.g., baff) was presented, F1(1, 23) ϭ 64.98, MSE ϭ 0.08, p Ͻ .01, and F2(1, 19) ϭ 50.44, MSE ϭ 0.06, p Ͻ .01. In addition, there was a similar increase in report of items that shared the prime's (and the target's) rime, F1(1, 23) ϭ 8.82, MSE ϭ 0.08, p Ͻ .01, and F2(1, 19) ϭ 7.04, MSE ϭ 0.08, p Ͻ .05.
Lexical and sublexical effects in Experiments 3 and 4. Overall, the data from Experiments 3 and 4 are extremely similar. A real word prime is more intrusive than sublexical information in the identification of pseudoword targets. However, it is the sublexical units that affect the identification of pseudoword targets when those targets are preceded early on by a related pseudoword prime. The only difference across experiments is the fact that the priming effects were a bit stronger for initially deviant pairs (or equivalently, prime-target pairs sharing rimes). These effects were strong enough to drive down the correct report of the target by causing so many intrusions. The stronger effect for rime-sharing stimuli is not unusual (see Treiman, 1985 Treiman, , 1986 , for a similar conclusion). Figure 4 summarizes the pattern of intrusions, collapsing across the final two experiments. Each plotted point is based on difference scores, taken by subtracting the intrusion rate in the new condition from the corresponding rate in the comparable similar condition. For example, the "Full" data point (i.e., when the full form of the word has an effect on the responses) for the word priming case reflects the 23% higher intrusion rate (19% in Experiment 3, and 27% in Experiment 4) of the entire prime when it was actually presented than when it merely existed.
The pattern is clear: Lexical items produce very large long-term intrusion rates, whereas pseudoword primes rarely surface as target responses. Conversely, the CV and VC components of word primes hardly ever intrude separately, whereas such components are the most frequent responses when a similar pseudoword had been heard previously. This dichotomy can be accounted for if the priming effects are based on the largest chunk of the prime that can be mapped onto stretches of speech that have been encountered with some frequency in the past (Grossberg, Boardman, & Cohen, 1997 ; see the General Discussion below). For a real word, this span is the whole word, not its parts. A pseudoword, on the other hand, may activate units smaller than the whole because (by definition) there is no existing representation for nonwords. This results in the large number of full word intrusions to pseudoword targets primed by similar words but units smaller than the whole (CV or VC chunks) for pseudoword targets primed by similar pseudowords. Across all four experiments, the data show a neighborhood effect in monosyllabic words that is not task specific. In addition, the results across tasks and across deviation positions suggest that smaller, sublexical units (not limited to those comprising a rime) remain active and are influential in the processing of spoken words. We now consider the implications of these results.
General Discussion
We noted at the outset that most current models of spoken word recognition posit at least two levels of representation, one at the word level and another based on units smaller than a word. The central goal of most research in this domain is to specify the properties of both the lexical and the sublexical units and to clarify the nature of any interactions between units within a level and across levels. In examining the control conditions that we had used in our previous study (Sumner & Samuel, 2005) , we found that lexical decisions to pseudowords were inhibited if a similar real word had been presented 10 -20 min earlier. Because this finding seemed to offer a new way to explore the processing of lexical and sublexical information, we undertook the experiments reported here. These experiments produced a very systematic pattern of results.
Across all four experiments, we consistently observed an inhibitory effect for pseudowords that were similar to words that had been heard 10 -20 min earlier. To our knowledge, the only other study examining this effect is that by Monsell and Hirsh (1998) . As discussed earlier, Monsell and Hirsh examined the priming effects of words and pseudowords at short and long lags in a lexical decision task. They examined real word primes and targets, as well as real word primes followed by nonword targets (e.g., frogfross). The consistent inhibitory effects found here contrast with a much less stable set of results in the Monsell and Hirsh study. One question we have to ask, then, is why, with similar stimuli, there is such a difference between the two studies. There were substantial differences in the designs of the two studies. Our study included a large number of fillers to mask primes and targets. We also separated the primes and targets into two blocks of items, which provided little opportunity for participants to make a connection between the two or to develop strategic effects. As pointed out by Luce and colleagues (2000) , the Monsell and Hirsh design, which consisted of six blocks of 36 items with 12 fillers, 12 primes, and 12 probes each, may have promoted strategic effects. With such a small distance between a prime and its target, it is not unlikely that participants were aware of similarities among stimuli (in fact, Monsell & Hirsh, 1998 , reported that some participants were aware of the manipulations at the end of the experiment). In addition, although Monsell and Hirsh did have instances of both facilitation and inhibition in other conditions, it is possible that the stimuli used were not controlled well enough to make a proper attribution of those results.
In the current study, the inhibitory effect caused by having heard a similar word was very stable across experiments. For Experiments 1 and 2, we have noted that a response-based mechanism could produce the observed result: Responses could be delayed because of the perceived familiarity of the pseudoword, as a result of its similarity to the previously presented word coupled with the experience of having responded "yes" to the similar word. This type of explanation could also potentially explain the faster responses when a pseudoword was primed by a similar pseudoword, as the two similar stimuli both require the same "no" response.
Although this response-based explanation may account for some of the observed priming effects, the high intrusion rates from Experiments 3 and 4 (summarized in Figure 4) indicate that a more perceptual explanation is needed. By changing the nature of the task in the target block, we broke the response-based linkage of previous experiments, yet a very clear pattern of lexical and sublexical priming remained. This suggests that in the pure lexical decision studies at least some of the word priming is due to resonating lexical representations competing with the perception of a similar target pseudoword and to resonating sublexical representations of a pseudoword facilitating the perception of a similar pseudoword.
One of the most surprising results of the current study is the facilitative effect of the near repetition of pseudowords (e.g., jub-jup, baff-paff) in Experiment 2 and the strong effect of sublexical information on the identification of pseudowords in Experiments 3 and 4. Although there have been a few studies examining sublexical effects in the visual domain (e.g., Bowers, Damian, & Havelka, 2002) , we are not familiar with any long-term auditory priming studies showing this kind of long-lasting sublexical effect. Bowers et al. (2002) examined repetition and form priming effects of printed monosyllabic words. Although some research examining polysyllabic words has not found evidence of partial-form (or sublexical) facilitation (Ratcliff & McKoon, 1997) , Bowers et al. found significant lexical and sublexical effects over the long term.
Most models of word recognition are not well suited to accommodate the lasting information that the effect implies. This difficulty can be appreciated by comparing the pseudoword case to a simple word-word long-term priming effect. For the latter, we have noted that a common explanation is that after a word is heard or seen, its lexical representation remains in a state of somewhat higher activation than normal, for some period of time (but see some alternatives discussed below).
If this account is correct, then one must ask how this approach could be applied to the baff-paff case. The analogous account would be that sublexical representations remain active for the 10 -20 min involved in our task. The most common sublexical units in current models of spoken word recognition are at the phonemic level. These do not seem like a promising locus for the long-term resonance needed to account for the baff-paff priming effect, because during the intervening time listeners hear hundreds of other words and pseudowords that overlap with the sublexical information. This is why we have suggested that a more plausible site for the elevated activation would be chunks that include CV or VC sequences. It is likely that there actually are not many potentially interfering CV or VC units within the set of stimuli that is heard.
Although there is no prior research showing long-term priming by these CV and VC units, there is an existing literature that has looked at such units in other domains. A fairly large number of studies (e.g., Treiman, 1985 Treiman, , 1986 Treiman & Kessler, 1995) have suggested that VC units (rimes) play a much more important role (at least in speakers of English) than CV units (onsets). However, this asymmetry has recently been called into question in child language development (Geudens & Sandra, 2003; Geudens, Sandra, & Martensen, 2005 ). In the current study, the pure lexical decision task (Experiments 1 and 2) did not show any clear advantage for primes that shared rimes over ones based on CV overlap. The larger effects in Experiment 4 than in Experiment 3, however, do suggest that primes sharing rimes may produce stronger effects than ones whose overlap is in earlier positions. This suggests that the more direct method used in the identification-innoise task may be more sensitive. The long-term activation at the sublexical level, however it is accomplished, clearly deserves further study.
In general, because the lexical and sublexical effects go in opposite directions, the processing of a pseudoword is much more difficult if a similar word had been presented than if the related utterance had been a pseudoword. This result demonstrates that the long-term priming procedure is very well suited to pulling apart the two opposing processes suggested by and provides more information about the nature of the two processes.
The dissociation of lexical inhibition and sublexical facilitation converges with related distinctions made by Pitt and Samuel (1995) and Luce (1998, 1999) . Pitt and Samuel used a phoneme monitoring task to examine lexical activation at different points within three-and four-syllable words, as a function of the size of the initial cohorts. Cohort effects are more likely to emerge with such longer words than with the monosyllables used in the current study. Pitt and Samuel found, as predicted, that lexical cohort size did indeed affect phoneme monitoringlisteners detected targets more slowly when there was greater lexical competition. An unexpected result, replicated several times within the study, was that there was also a facilitative sublexical effect: Targets within high frequency sublexical sequences (e.g., "com," "per") were detected more quickly than targets within less common sequences. This result led Pitt and Samuel to suggest that the word recognition system is sensitive to these sequential sublexical patterns, with more common patterns leading to enhanced recognition (see also Pitt & McQueen, 1998; Warner, Smits, McQueen, & Cutler, 2005) . Luce (1998, 1999; cf. Bailey & Hahn, 2001, and Large, 2001 ) have conducted a series of clever experiments that tease apart the operation of lexical and sublexical processes. Recent work by Lipinski and Gupta (2005;  see the reply by Vitevitch & Luce, 2005) has pointed out a potential problem with a subset of the Vitevitch and Luce work, but the overall conclusions of their research program seem secure. Their basic manipulation involved a contrast between neighborhood density (the existence of many similar words defines a dense lexical neighborhood) and high sublexical (phonotactic) transition probabilities (the existence of many instances of one phoneme following or preceding another). Normally, these two factors covary, as the existence of many similar words will usually create a high probability of their common phoneme sequences. But, Luce (1998, 1999) succeeded in designing stimuli and conditions that could pull these factors apart. These experiments dem-onstrated that high neighborhood density was associated with greater lexical competition and therefore inhibited performance; high transition probability facilitated performance (Pitt & McQueen, 1998; Warner et al., 2005) . This contrast is entirely analogous to the central results of the current study: Activating a word led to slower judgments of a related pseudoword, whereas presenting a pseudoword (and, by our hypothesis, activating its sublexical components) facilitated judgments of a related pseudoword.
In Experiment 2, we found that the repetition of a pseudoword has no effect on reaction times. Our results on this point are consistent with previous studies (most of which were based on printed, rather than spoken, words). Repeating a pseudoword has yielded facilitation (Kirsner & Smith, 1974; Logan, 1990; Scarborough et al., 1977) , inhibition (Bowers, 1994; McKoon & Ratcliff, 1979) , or as in the current study, no effect (Brown & Carr, 1993; Forbach et al., 1974) . The wildly inconsistent outcomes can be accounted for if one assumes that there are two competing effects, with different weighting of the two as a function of the particular experimental conditions (Feustal et al.,1983; . Zeelenberg et al. (2004) demonstrated that the inhibitory component was favored if the original presentation was not in the context of a lexical decision task, presumably because this change in task removes the facilitative experience of having said "no" to a particular pseudoword previously.
The results of the current study thus add to the growing evidence for the necessity of units of at least two different levels (lexical and sublexical) and for the operation of rather different processes for the two kinds of units. As we have noted, the enduring activation of lexical units, leading to long-term inhibition of related pseudowords, can be accommodated by most current models. However, in most models, it is less clear how to represent the long-lasting activation of sublexical units. The type of model that may be most suited to this problem is some version of Grossberg's adaptive resonance theory (ART; e.g., Grossberg et al., 1997; Vitevitch & Luce, 1999) because this type of model inherently includes sublexical units that could conceivably maintain differences in activation level. The results from Vitevitch and Luce (1999) support the existence of both lexical and sublexical chunks that interact through competitive processes. Vitevitch and Luce showed that the ART approach can be successfully applied to account for the pattern of lexical and sublexical effects. An interesting aspect of this theoretical approach is that there are no a priori theory-based units in ART. Instead, units are organized on the basis of prior experiences: Any stretch of speech that is encountered with some frequency has the potential to become a functional unit (called a list chunk) in ART. This approach naturally leads to the existence of representations corresponding to CV, VC, and syllable-sized units, as long as these are present often enough in the individual's history of heard speech.
The key concept in ART is resonance. A unit resonates when there is a strong match between the incoming speech signal and an existing chunk. The chunks are considered to be "attractor states," in the sense that input that is similar to a previously encountered pattern will lead to resonance. For example, when a word is heard, there will be resonance between the input word and the stored instances that are most similar to the word (cf. Goldinger, 1998; Goldinger & Azuma, 2003) . The greatest similarity, of course, will be to the full word. There will also be resonance to the smaller list chunks making up the word, but a general property in ART is that larger units mask (i.e., inhibit) smaller units.
Note that because of this property, the units that resonate after prior exposure to a real word and to a pseudoword will be different. The largest chunk that resonates for real words will be the whole word. The largest stored chunk matching a pseudoword will be a unit smaller than the whole-for the stimuli in the current study, CV or VC chunks. Consider, for example, a participant hearing the prime beef. This will create resonances for phonemes, for CV and VC units, and for the whole word, but through masking, the largest chunk will dominate. When a later presentation of a similar pseudoword is encountered (e.g., peef), the input is similar enough to cause resonance of the recently activated beef. If a lexical decision to peef is required, this will be slowed by the word's competition. If instead the task is reporting the noiseembedded stimulus, the resonating word (the "attractor") will produce a large number of real word intrusions. Note that because of the masking property of larger units onto smaller ones, any effects of the CV and VC attractors will be weak or nonexistent.
With a pseudoword prime, quite a different outcome should ensue. The largest units that can resonate with the input are the CV and VC patterns, which thus become active. If a similar pseudoword target is presented (i.e., one that shares a CV or VC), there will be resonance in the shared chunks. For a lexical decision, this resonance will speed processing of the pseudoword, improving reaction times. And, of course, in the noisy conditions of Experiments 3 and 4, the resonating CV or VC units will intrude. Note that because there are no list chunks corresponding to the original full pseudoword prime, there should not be an increase over baseline in intrusions of the prime, just as we observed.
For these analyses to be correct, the resonance we have invoked must be capable of causing some kind of long-lasting structural changes. This is necessary because the long-term priming procedure provides insights into the representation of speech, in contrast to perceptual effects that seem to be reflected in the results of immediate priming experiments. Two recent studies from our laboratory support this distinction. One of these studies is the project that directly led to the current study (Sumner & Samuel, 2005) ; the second is a study of the processing and representation of dialectal variation (Sumner & Samuel, 2007) . In the Sumner and Samuel (2005) study, we examined how effective three variants of final /t/ are in immediate and in long-term priming. For example, when the final /t/ in cat is realized as a glottal stop rather than as the canonical /t/, would cat prime dog as well as it does with the "normal" /t/? We found that in immediate (form and semantic) priming experiments, all three variants were equally effective primes: The perceptual system allows such variation without any apparent costs. In contrast, in long-term priming experiments similar to those in the current study, strong priming was only found when the Block 1 prime and the Block 2 target both had the canonical /t/ form. This suggests that the representation of words that have been heard tends toward the single canonical variant, even though the perceptual process will accept all three variants.
The results of our study of dialectal variation (Sumner & Samuel, 2007 ) also illustrate the distinction between a sensitivity to processing parameters in immediate priming and a sensitivity to representational form in long-term priming. The critical conditions in the dialect study involved individuals born and raised in the New York City area. In this area, the local dialect allows "rdropping": a word like brother may be pronounced as "brothuh," with the final r replaced by a schwa. We compared immediate and long-term priming effects for two groups of New Yorkers: those who regularly dropped final r, and those who did not. For both groups, primes with and without final r were effective immediate primes (e.g., both brother and brothuh effectively primed sister). However, for individuals who did not drop r in their own productions, primes with dropped r were not effective in the long-term priming test. This pattern, like the pattern found for final /t/, suggests that the perceptual system accepts known variants (as shown by reliable immediate priming) but that the representational form (tapped by long-term priming) is more constrained. The contrasting patterns of priming across two sets of experiments strongly support the use of long-term priming to assess representational issues.
The contrast between immediate and long-term priming suggests a difference in the underlying mechanisms that are used to process speech immediately and over a period of time. Bowers (1999 Bowers ( , 2000 Bowers et al., 2002) has also found differences between the two types of priming mechanisms with respect to word frequency: Low frequency words benefit more from longterm repetition effects than high frequency words, whereas there is no frequency effect for immediate priming. He suggested (Bowers, 1999 (Bowers, , 2000 that long-term priming reflects word learning, whereas short-term priming reflects temporary activation of words. In his view, long-term priming involves structural changes, and these structural changes affect the later processing of repeated items. The work by Bowers and his colleagues used printed rather than spoken words and is therefore based on the orthographic system. Nevertheless, we believe our results can be interpreted along similar lines, with long-term priming based on learning rather than simple activation.
We began this investigation because of the serendipitous finding of a surprising inhibitory effect of real words on the later processing of similar pseudowords. Four experiments and two paradigms later, we have a rich data set that shows two robust phenomena: the original word-pseudoword long-term inhibitory effect and a longterm facilitation of pseudowords on similar pseudowords. As we have just suggested, these two long-term priming effects are consistent with the ART model (Grossberg et al, 1997) . It remains to be seen whether other theoretical perspectives can be shown to fit these intriguing results.
